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ABSTRACT 



A conventional radar module (1) for level measurements is 
designed for operation within a specific, narrowly restricted 
frequency range. To enable level measurements to be imple- 
mented at a substantially higher frequency without involving 
any change in the existing radar module (1) whatsoever, a 
frequency converter circuit (2) is inserted between the 
duplexer antenna (7) designed for said higher frequency and 
the antenna port (A) of the radar module (1). This frequency 
converter circuit (2) which can be realized at small expense 
converts the lower frequency into the higher frequency in 
the direction from the radar module (1) to the antenna (7) 
and the higher frequency into the lower frequency in the 
opposite direction. 

3 Claims, 2 Drawing Sheets 
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RADAR DISTANCE MEASURING DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a distance measuring device, 
particularly a level measuring device, as well as to a 
frequency converter circuit for use in said radar distance 
measuring device. 

2. Description of the Prior Art 

For non-contacting distance measurement by means of 
microwaves, particularly pulsed radar and frequency modu- 
lated continuous wave radar (FMCW radar) are known. In 
pulsed radar short microwave transmission pulses are emit- 
ted periodically which are reflected by the object being 
measured and re-received as an echo signal after a transit 
time depending on the distance involved. In pulsed radar the 
location in time of the echo signal within each transmission/ 
reception period directly corresponds to the distance of the 
object being measured In FMCW radar a continuous micro- 
wave is emitted which is periodically linearly frequency 
modulated, for example, according to a saw-tooth function. 
The frequency of each received echo signal thus exhibits 
with respect to the instantaneous frequency which the trans- 
mission signal has at the time of reception, a difference in 
frequency which depends on the transit time of the echo 
signal The difference between the frequency of the trans- 
mission signal and that of the reception signal which may be 
obtained by mixing both signals and evaluating the Fourier 
spectrum of the mixed signal, thus corresponds to the 
distance of the reflecting surface of the object from the 
duplexer antenna. 

In radar distance measurement the intention is to permit 
resolving several objects arranged at short distances one 
behind the other in the propagation path of the microwaves 
and having more or less the same degree of reflection, to be 
able to distinguish the object to be measured particularly the 
surface of the material in the container, from structures 
incorporated in the container and the like. For a specified 
distance resolution of IS cm the length of the emitted pulses 
in a pulsed radar arrangement must not exceed a maximum 
of 1 ns. For the same distance resolution when using the 
FMCW method the frequency of the transmission signal 
must permit changing by at least 1 GHz, e.g. from 4.8 GHz 
to 5.8 GHz. Higher transmission frequencies of. for instance 
24 GHz are of advantage in that due to the improved 
focussing measurements are possible in small or slim 
containers, a higher gain is achieved with smaller antennas, 
and high-frequency lead-through on containers having a 
high internal pressure is simplified. However, employing 
elevated transmission frequencies is made less attractive by 
the increased expense thereof. Furthermore, applications 
exist in which the use of a lower transmission frequency is 
more favorable, for example in the case of liquid surfaces 
which tend to foam. There is thus a need for radar distance 
measuring devices which are capable of operating at an 
elevated transmission frequency; at the same time there is a 
continuing requirement for radar distance measuring devices 
which operate with a relatively low transmission frequency 
of. for instance. 5.8 GHz. 

SUMMARY OF THE INVENTION 

Available level measuring devices are, however, designed 
for a specific frequency range, as a result of which conven- 
tional distance measuring devices are restricted in their 
possibilities of application. 

By means of the invention it is now possible at moderate 
expense to extend the application^ range of existing radar 
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distance measuring devices, particularly level measuring 
devices, to substantially higher frequencies. The basis is a 
radar distance measuring device comprising a radar module, 
which is provided with eg a generator for producing 
microwaves in a relatively low frequency range, a beam 
splitter, a mixer, a coupler and an evaluation circuit The 
beam splitter has an input connected to the output of the 
generator, and two outputs. The mixer is provided with an 
output and two inputs of which the first is connected to one 
i of the outputs of the beam splitter and the second to one of 
the three ports of the coupler. The other output of the beam 
splitter is connected to a further port of the coupler. The third 
port of the coupler forms an antenna port to which a 
duplexer antenna may be connected, which is designed for 
; the relatively low frequency range, for example of 5.8 GHz. 
By means of this duplexer antenna transmission waves 
having a frequency located within this frequency range may 
be emitted to the surface of an object, whose distance from 
the antenna is to be measured Via the same antenna the echo 

20 waves reflected from the surface of the object are received 
In conclusion, the output of the mixer is connected to the 
evaluation circuit of the radar module which establishes 
from the output signals of the latter the transit time of the 
microwaves to the surface of the object from which the 

25 distance thereof Is determined 

By using the same radar module with no change thereof 
and designed for a relatively low transmission frequency, the 
invention now makes it possible for it to operate, when 
required, at a significantly higher transmission frequency. 

30 According to the invention a frequency converter circuit is 
provided which may be inserted between the antenna port of 
the unchanged radar module and a duplexer antenna pref- 
erably designed for the higher frequency range. This fre- 
quency converter circuit contains a bidirectional signal path 

35 between an input/output port connectable to the antenna port 
of the radar module and an own antenna port as well as a 
local oscillator and a mixer which converts both the fre- 
quency f j of the signals at the input/output port by mixing 
it with the frequency f 2 of the local oscillator into the higher 

40 frequency f 3 with which the signals are output at the own 
antenna port and converts the frequency f 3 of the signals 
received at this antenna port by mixing it with the frequency 
f 2 of the local oscillator into the frequency f t with which the 
signals are output at the input/output port. Although the 

45 transmission waves with which the distance measurement is 
made, lie in a frequency range which is a multiple higher 
than the operating frequency of the radar module, only 
signals having the operating frequency of this radar module 
are processed therein. Accordingly no changes need to be 

50 made to the radar module whatsoever. The expense of 
achieving this frequency converter circuit is substantially 
less than that of a new concept of the distance measuring 
device as a whole. It is also less than in the case of a possibly 
contemplated use of a frequency conversion within an 

55 existing overall concept of the distance measuring device. In 
one preferred embodiment of the invention the frequency 
converter circuit thus comprises merely a local oscillator, a 
mixer, preferably a low-pass filter and if necessary, a 
high-pass filter. Of the three ports of the mixer the first is 

60 connected to the output of the local oscillator, the second to 
a port of the low-pass filter and the third to the one port of 
the high-pass filter. The second port of the low-pass filter is 
connected to the antenna port of the radar module, and the 
duplexer antenna is applied to the second port of the 

65 high-pass filter, forming the antenna port of the interposed 
frequency converter circuit The cutoff frequency of the 
low-pass filter lies preferably at the upper end of the low 
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frequency range, and that of the high-pass filter preferably at tion at a certain distance from the antenna. The position of 
the lower end of the higher frequency range. In this arrange- the useful echo in the echo function will therefore directly 
ment the existing distance measuring device "sees" only indicate the distance to be measured 
signals within the first frequency range, and the duplex er Direct transit time measurement is avoided in the fire- 
antenna is operated only with signals within the second 5 quency modulated continuous wave method (FMCW 
frequency range. method). In this method a continuous microwave is 

The frequency ranges around 5.8 GHz and 24.125 GHz transmitted, which is periodically linearly frequency 
are industrial bands which offer the possibility of operating modulated for example In accordance with a saw-tooth 
radar distance measuring devices outside of closed metallic function. The frequency of each received echo signal con- 
containers. Of advantage are thus emobodiments in which 10 sequently differs in frequency from the instantaneous 
the radar module operates at the frequency of 5.8 GHz and frequency, which the transmitted signal has at the time of 
the frequency converter circuit coverts this value to an reception, by an amount which is dependent on the transit 
elevated transmission frequency of roughly 24 GHz. time of the echo signal The difference in frequency between 

Further features and advantages of the invention will be the transmitted signal and the received signal which may be\ 

appreciated from the foUowing descriptive disclosure when 15 obtained by mixing the two signals and evaluating the 

considered in conjunction with the accompanying drawings Fourier spectrum of the mixed signal, accordingly corre- 

in which: sponds to the distance of the reflecting surface from the 

antenna. 

BRIEF DESCRIPTION OF THE DRAWINGS in the block diagram shown in FIG. 2 a radar module 1 of 

FIG. I depicts the basic principle of a distance measuring * <*™ntional design is shown within the frame line. This 

device operating with microwaves, and ' adar T** \ l * conir^sed of individual components, 

__ /, . , , ., . . . . but preferably it is achieved as a complete circuit on a 

FIG 2 is a block diagram ot a distance measuring device substrate . Wltbia ^ radar module i 

a generator is provided 

according to the invention. for generating microwaves of the frequency f, located 

DETAILED DESCRIPTION 25 witnm a fiist frequency range and amounting to 5.8 GHz, for 

example. 

FIG. 1 shows, as the preferred application, measurement Radar mo dule 1 is provided with an antenna port A to 

of the level in a container 10 which is filled up to a level H wn ich a duplexer antenna may be connected by conventional 

with a material 12. ^ means and which is suitable, if required, for the frequency 

For measuring the level H an antenna 14 is mounted f v At an output 9 of the radar module 1 the measurement 

above the container 10, which antenna is able to transmit an values output by the latter are available, 

electromagnetic wave toward the surface of the material 12 The arrangement described as above constitutes a con- 

and to receive the echo wave due to reflection at the surface. ventional level measuring device under the assumption that 

The transmitted electromagnetic wave is produced by a 3J a duplexer antenna designed for the frequency f t is applied 

transmission circuit 16, the output of which is connected to to the antenna port A of the radar module 1. 

both a frequency mixer 18 and to a circulator 1S>, to which ^ accordance with the invention as illustrated in FIG. 2, 

the antenna 14 is connected. The frequency mixer 18 is however, it is provided for that instead of the duplexer 

further connected to the circulator 19 and to a reception and antenna designed for the frequency f lf a frequency converter 

evaluation circuit 20 which determines from the transmis- ^ circuit 2 may be connected to the antenna port A, if required, 

sion signal applied to the antenna 14 by the transmission wnicn frequency divider in turn feeds a duplexer antenna 7 

circuit 16 and from the reception signals furnished by the designed for a much higher frequency range, the latter being 

antenna 14 the distance E between the antenna 14 and the again represented as a horn antenna. The object whose 

surface of the material 12. Since the distance D of the distance S from this antenna 7 is to be measured, is repre- 

antennal4fromthe bottom of me container 10 is known the 45 ^ed symbolically opposite the horn aperture and identi- 

diffcrence between this distance D and the measured dis- fied by 8. In a level measuring device the surface of the 

tance E produces the wanted material level H. objec( g h formcd ^ mc surfacc of m e material in the 

To achieve low noise reflections relatively short waves container (FIG. 1). The frequency f 3 at which the duplexer 

need to be used which are in the microwave range. Hie antenna 7 is operated may amount to three times the fre- 

autenna 14 is naturally designed for transmitting and receiv- ^ quency f t and is preferably in the region of 24 GHz. 

ing such short waves: it being equipped, for example, with frequency converter circuit 2 may be of very simple 

a horn radiator as is indicated in FIG. 1. configuration. In the preferred embodiment shown in FIG. 2 

For the measurement of the distance E any known radar it comprises a mixer 4, a local oscillator 5, a low-pass filter 

method may be employed. All such methods are based on 3 and a high-pass filter 6. The low-pass filter 3, the cut-off 

the principle that the transit time of the electromagnetic 55 frequency of which lies somewhat higher than the frequency 

waves from the antenna to the reflecting surface and back to f |f for example at 7 GHz. is connected at its first port to an 

the antenna again is measured. Since the speed of propaga- input/output connection C which may be connected to the 

tion of the electromagnetic waves is known it is possible to antenna port A of the radar module 1, and at its second port 

compute the path travelled from the transit time measured. to one of the three ports of the mixer 4. The second port of 

One known radar method is pulsed radar, in the case of 60 the mixer 4 is connected to the first port of the high-pass 

which short pulses are periodically transmitted and in a filter 6*, the cut-off frequency of which is slightly lower than 

reception phase following each transmission of a pulse the the frequency f 3 . for example at 23 GHz. The second port of 

echo signals at the frequency of the transmitted pulse are the high-pass filter 6 forms the antenna port B for the 

detected. In this case tie signal amplitude received in the duplexer antenna 7. In conclusion the third port of the mixer 

course of each reception phase against time will directly 65 4 is fed by the local oscillator 5 with a frequency, the value 

constitute the echo function. Each value of this echo func- of which determines the relationship between the frequen- 

tion corresponds to the amplitude of an echo due to reflec- cies fj and f 3 . If the frequency f\ is 5.8 GHz and the 
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frequency f 3 is 24 GHz, the frequency of the local oscillator 
5 must be 1S.2 GHz. 

The signal having the frequency f t arriving at the input/ 
output port C of the frequency converter circuit 2 is applied 
via the low-pass filter 3 to the mixer 4 where it is mixed with 3 
the frequency f 2 of the local oscillator 5, so that, as is known, 
the frequencies 

10 

and 

result. The mixer 4 must be designed for the bandwidth 
required in each case. The frequency converter circuit 2 15 
forms a bidirectional signal path between the input/output 
port C and the antenna port B. Reciprocally the signals 
reflected by the surface of the object 8 are applied from 
antenna port B and via the high-pass filter 6 at the frequency 
f 3 to the mixer 4 and are converted with the frequency f 2 of 20 
the local oscillator 5 by mixing, resulting in the frequencies 

f?f*h 



The way in which the level measuring device operates 
will now be described 

The frequency f A of the microwave signal output at the 30 
antenna port A of the radar module 1 is converted by the 
frequency converter circuit 2 into the frequency f 3 and 
radiated by the duplexer antenna 7 to the surface of the 
object 8. The echo signal R reflected back from the surface 
of the object 8 is received by the duplexer antenna 7 and 35 
transformed back by the frequency converter circuit 2 into 
the frequency fj.This signal appears at the antenna port A of 
the radar module 1 and is applied to its evaluation circuit for 
further processing. This evaluation circuit establishes in 
particular from the time position of the echo signal within 40 
each transmission/reception phase the transit time of the 
microwaves between a reference point of the duplexer 
antenna 7 and the surface of the object 8 to determine from 
the transit time via the known propagation rate of the 
microwaves the distance S or— relative to the level mea- 45 
sureraent according to FIG. 1— the level H. 

In the frequency converter circuit 2 the mixer 4 forms the 
frequency f^fj+fj for the transmission procedure by addi- 
tive mixing. The frequency f 4 =f 2 -fi generated at the same 
time is suppressed by the high-pass filter 6 which allows so 
only the frequency f 3 to pass to the duplexer antenna 7. The 
echo signals R of the frequency f 3 received by this antenna 
7 pass through the high-pass filter 6 unobstructed and attain 
the mixer 4 which mixes them down to the frequency 
fs=f 3 -f 2 . The frequency f 6 is identical to the frequency f x . as 55 
can be easily verified by inserting it in the above equation for 
f 6 . The echo signals mixed down to the frequency f A then 
pass unobstructed through the low-pass filter 3 which keeps 
all higher frequencies away from the antenna port A of the 
radar module 1. The radar module 1 thus "sees" only signals 60 
having the frequency f J? whilst the duplexer antenna 7 is 
operated only with microwave signals having the frequency 
f 3 . 

It will thus be appreciated that no changes whatsoever are 
necessary to the existing radar module I to make use of it for 65 
a level measurement at a substantially higher frequency than 
that for which is was conceived. 
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The described embodiment of the distance measuring 
device is operated in the pulsed method. Instead of the radar 
module 1 designed for this mode of operation a conventional 
radar module may be used which operates according to the 
frequency modulated continuous wave (FMCW) method, or 
any other radar module having a common duplexer port 
Although the cited frequency values are particularly suitable 
for level measurements, it will be appreciated that other 
frequency values come into consideration* depending on the 
intended application. 

When a waveguide system is used with a horn antenna the 
high-pass filter 6 of the frequency converter circuit 2 is 
superfluous since a waveguide system is of high-pass char- 
acter. 

We claim: 

1. A radar level measuring device comprising: 

(a) an antenna for emitting microwaves toward the surface 
of a material in a container and for receiving the echo 
waves reflected from the surface; 

(b) a radar module having an input/output port for deliv- 
ering a microwave signal having a first frequency f lf 
the radar module comprising an evaluation circuit for 
determining, from the received echo signals, the transit 
time of the microwaves to the material surface and 
back; and 

(c) a frequency converter circuit having a first converter 
circuit port connected to the input/output port of the 
radar module and a second converter circuit port con- 
nected to the antenna, the frequency converter circuit 
comprising: 

(1) a local oscillator for generating an output signal 
having a second frequency f 2 , the local oscillator 
including an output port; 

(2) a mixer having 

(1) a first mixer port connected to the output port of 
the local oscillator; 

(ii) a second mixer port through which signals can be 
transmitted to and received from the radar module; 
and 

(iii) a third mixer port through which signals can be 
transmitted to and received from the antenna; 

(3) a low pass filter having a cut-off frequency that is 
higher than the first frequency f v the low pass filter 
having a first low pass filter port connected to the 
first converter circuit port and a second low pass 
filter port connected to the second mixer port; and 

(4) a high pass filter having a cut-off frequency that is 
less than a third frequency f 3 corresponding to the 
sum of the first frequency f t and the second fre- 
quency f 2 . the high pass filter having a first high pass 
filter port connected to the second converter circuit 
port and a second high pass filter port connected to 
the third mixer port; 

wherein the mixer is adapted for 

1. mixing the output signal from the local oscillator 
having the second frequency f 2 with the signal from the 
radar module having the first frequency f 1? to generate 
signals delivered at the third mixer port having the third 
frequency f 3 and a frequency corresponding to the 
difference of the first frequency f t and the second 
frequency f 3 ; and 

2. mixing the output signal from the local oscillator 
having the second frequency f 2 with a signal from the 
antenna having the third frequency f 3 . to generate 
signals delivered to the second mixer port having a 
frequency corresponding to the sum of the second 
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frequency f 2 and the third frequency f 3 and the first 2. The level measuring device as set forth in claim 1, 
frequency f t corresponding to the difference of the wherein the third frequency f 3 is at least twice the first 
second frequency f 2 and the third frequency f 3 frequency f t . 

wherein a bi-directional signal path is established between 

the radar module and the antenna via the two converter 5 3. The level measuring device as set forth in claim 2, 
circuit ports of the frequency converter circuit, the low pass wherein the first frequency ft is about 5.S GHz and the third 
filter the mixer, and the high pass filter to permit use of the frequency f 3 is about 24 GHz. 
radar module delivering the first frequency f x for level 
measurement at the third frequency f 3 which is higher than 

the first frequency f v ***** 
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